ABSTRACT
INTRODUCTION

In 2003, Empa's Structural Engineering Research Laboratory designed and built a full scale modular lightweight pedestrian cable stayed bridge 1 that is used as a research platform to investigate novel structural health monitoring systems as well as vibration mitigation methods. The bridge deck is made of pultruded glass fiber reinforced polymer (GRFP)
elements
In this contribution, the main results of a feasibility study for the modification of the mechanical properties of the load bearing elements of the bridge deck are presented. For this purpose, a 2.5 m long GRFP I-beam was modified so as to allow for the electrostatic mechanical coupling of additional stiffening elements consisting of carbon fiber reinforced polymer plates using commercially available materials. The material properties of the beam used for the experiments closely match the ones of the elements the bridge deck is made of, while its cross
Comparison of the GFRP profile used for the described experiments with the profiles used to build Empa's demonstrator bridge. The CFRP plates that would be applied to the demonstrator are assumed to be slightly thicker.
One of the goals of the performed experiments was to confirm the ability to modify the stiffness of a sandwich structure with the initial properties of structural elements that are in use in actual engineering applications. The large dimensions of the sample used also made easier to carry out measurements to investigate the behavior under small dynamic loads. The obtained information was then used to estimate the effect of modification of the behavior of the structural element on the global behavior of Empa's demonstrator bridge. Table 1 . Main mechanical properties of the pultruded FRP profiles used in the demonstrator bridge and estimation of the effect of CFRP strengthening, based on (2). The CFRP plates are assumed to be as wide as sthe flanges and 2mm thick, with an elastic modulus E=210 GPa. Shear properties (G · A estimated based on G ≈ 3000MP a. The modification of I z via a change of the cross section geometry of a structure is generally also a very energy intensive process, if E is constant and sufficiently high for the material to be used for structural applications. The currents required to induce the exciting alternate magnetic field, were generated by a bipolar operational power amplifier (BOP 20-20M, Kepco, USA) driven in its current controlled mode by an arbitrary signal generator (33120 A, Agilent, USA). The quality of the system as a resonator is described by the q-factor: • crossplies can be used to increase the shear stiffness of the web, thus increasing the efficiency of the electrostatic tuning of the bending stiffness the presented work was to assess the feasibility of the tuning of the natural frequencies of Empa 
I-profile,
D I-profile, G · A C-profile, D C-profile, G · A GFRP
In this work, the bending stiffness of a composite glass fiber reinforced polymer (GFRP) carbon fiber reinforced polymer I-beam is modified by coupling the stiffening elements made of carbon fiber reinforced polymer (CFRP) by means of friction stresses. The normal stresses between GFRP beam and CFRP stiffening plates that are necessary to generate friction stresses are obtained by applying an electrostatic field between beam and plates. The coupling causes the axis from which the second moment of area of the CFRP elements is calculated to shift by half the height of the beam thus increasing the total stiffness as follows:
D bonded = D notbonded + 2 · A CF RP · E CF RP ( h 2 ) 2(2)
The transversal accelerations at the end of the composite beam were measured by means of two accelerometers (PCB Piezotronic, Mod. 3701G3FA3G, with a sensitivity of 1V/g) positioned at the left and the right edges at the free end of the beam (sensor 1 and sensor 2, respectively). The acceleration and the current circulating through the coil were measured with a sampling frequency of 512 Hz using a digital analog data acquisition board (6036 E DAQ, National Instruments, USA
MEASUREMENTS AND RESULTS
The beam was excited with a 7-17 Hz linear chirp signal at a 1.2A peak to peak current amplitude. The vertical accelerations of the beam end and the coil current (assumed to be directly proportional to the generated electromagnetic-field, hence to the force exerted on the magnet at the end of the beam) were recorded as a function of time. Double integration of the acceleration data yielded the displacements at the end of the beam.
From the current and the displacement data (average of sensor 1 and sensor 2), transfer functions of the system were calculated for different U i potential levels, as shown in figures 4. The figures show the behavior of the system for interlaminar potentials between 0V and 2000V as well as for the not bonded and fully bonded cases. In not bonded case, the CFRP plates were laid on the GFRP beam (respectively held against it) but no PVDF layer was inserted between them. In the bonded case, the CFRP and GFRP elements were joined with the epoxy type adhesive.
A quite remarkable reduction of the vibration amplitude of the beam (approximately 15 dB in the transfer function) can be noticed between the not bonded beam and the 0V case, which is probably due to a different friction coefficient of the CFRP-GFRP and PVDF-CFRP material pairs. A reduction of additional 20 to 15 dB is observed as the potential U i is increased to 400V and 800V, respectively. The maximum of the transfer function increases again (to levels comparable to 0V) at
η(U i ) = f 0 (U i ) − f 0 (nobond) f 0 (f ullbond) − f 0 (nobond)(3q = f 0 f 1 − f 2 = f 0 ∆f(4)
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